To determine if an aggressive surgical approach, with an increase in R0 resections, has resulted in improved survival for patients with gallbladder cancer. Summary Background Data: Many physicians express a relatively nihilistic approach to the treatment of gallbladder cancer; consensus among surgeons regarding the indications for a radical surgical approach has not been reached. Methods: A retrospective review of all patients with gallbladder cancer admitted during the past 12 years was conducted. Ninety-nine patients were identified. Cases treated during the 12-year period 1990 to 2002 were divided into 2 time-period (TP) cohorts, those treated in the first 6 years (TP1, N ϭ 35) and those treated in the last 6 years (TP2, N ϭ 64). Results: Disease stratification by stage and other demographic features were similar in the 2 time periods. An operation with curative intent was performed on 38 patients. Nine (26%) R0 resections were performed in TP1 and 24 (38%) in TP2. The number of liver resections, as well as the frequency of extrahepatic biliary resections, was greater in TP2 (P Ͻ 0.04). In both time periods, an R0 resection was associated with improved survival (P Ͻ 0.02 TP1, P Ͻ 0.0001 TP2). Overall survival of all patients in TP2 was significantly greater than in TP1 (P Ͻ 0.03), with a median survival of 9 months in TP1 and 17 months in TP2. The median 5-year survival in TP1 was 7%, and 35% in TP2. The surgical mortality rate for the entire cohort was 2%, with a 49% morbidity rate. Conclusions: A margin-negative, R0 resection leads to improved survival in patients with gallbladder cancer. (Ann Surg 2005;241: 385-394) 
T he surgical treatment of gallbladder cancer has traditionally been viewed with nihilism due to poor survival results. In 1978, a review of nearly 6000 cases 1 revealed a 5% 5-year survival rate with a median survival of between 5 and 8 months. Recent publications during the 1990s have shown the same poor results, with 5% and 12% 5-year survival rates reported from France and Australia. 2, 3 Factors contributing to these dismal outcomes include the anatomic proximity of the gallbladder to the porta hepatis and the aggressive biologic nature of this cancer. Furthermore, direct extension of the tumor into the liver, the structures of the hepatoduodenal ligament, as well as organs in close proximity such as the duodenum, the hepatic flexure of the colon, and the pancreas, contribute to technical challenges in achieving a margin negative, potentially curative (R0) resection.
However, improvements in surgical and anesthetic techniques over the last 10 to 15 years have made it possible to safely perform large, extensive liver resections with decreased morbidity and low mortality, particularly in highvolume centers. 4 -6 Reports of improved outcomes from Japanese centers that have adopted an aggressive surgical approach to gallbladder cancer have led to a reappraisal of surgical strategy for this disease in North America. Some hepatobiliary specialty units have broadened an already aggressive approach that includes liver resection in combination with resection of the gallbladder, bile duct, and regional lymphatics by including pancreaticoduodenectomy. The addition of pancreaticoduodenectomy allows complete resection of the extrahepatic biliary tree and its regional lymph node drainage to obtain an R0 resection that would not otherwise be possible. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] In these published reports, 78 pancreaticoduodenectomies (6 in North American centers, the others Japanese) were performed to obtain negative margins in cases with advanced disease and to clear the draining nodal basin. Moreover, these series report 18 patients with stage IV disease who have actually survived 5 years after radical resection. Whether the fact that some node-positive 5-year survivors have been reported in Japan, while none have been identified in North America, reflects differences in disease biology between the 2 populations or simply reflects the higher number of resections done for advanced stage disease in Japan is unclear.
The improved results for gallbladder cancer reported with extended procedures coupled with an appreciation that radical surgical resection for hilar cholangiocarcinomas 20 -22 improves survival (unpublished data from our institution) led to a reappraisal of our technical approach to gallbladder cancer in the mid-1990s. Since then, we have adopted a more aggressive strategy that consists of liver resection and complete excision of the extrahepatic/pancreatic biliary tree with lymphadenectomy to achieve an R0 resection. To evaluate the effects of this shift in management, we have divided this cohort of 99 consecutive patients into 2 groups, comparing the first 6 years to those in the last 6 years (seventh through 12 th years) of the review.
MATERIALS AND METHODS
A retrospective study spanning a 12-year period from January 1990 to May 2002 was performed, and a total of 99 consecutive inpatients were identified. Cases were divided into 2 time-period cohorts, those treated in the first 6 years (TP1, N ϭ 35) and those treated in the last 6 years (TP2, N ϭ 64). Approval for chart review was obtained from the institutional review boards at both the Toronto General and Mount Sinai Hospitals of the University of Toronto. All inpatient admissions with the diagnosis of gallbladder cancer were included, and each patient's inpatient hospital and clinic chart was reviewed. Surgical mortality was considered as death occurring within 30 days of surgery. Morbidity included minor complications requiring no intervention, while major complications required intervention.
Preoperative assessment included history, physical examination, and radiographic studies: magnetic resonance cholangiopancreatography (MRCP). In TP1, patients were staged with transabdominal ultrasound and double-contrast (IV and oral) computed tomography (CT) scan of the chest/ abdomen/pelvis; jaundiced patients underwent endoscopic retrograde cholangiopancreatography (ERCP). Patients in TP2 underwent a transabdominal ultrasound, CT scan of the chest/abdomen/pelvis, and usually triphasic CT scan of the liver; jaundiced patients underwent either ERCP or MRCP. Staging laparoscopy was performed infrequently in selected patients in TP2; 3 patients were incidentally found to have gallbladder cancer prior to referral and underwent staging laparoscopy at our institution. In one of these patients, peritoneal metastases were found. Major hepatic resections were performed using standard techniques. 6 Previous laparoscopic port sites were resected if present. In the early years of the study, parenchymal transection was performed using a crush clamp technique. Later, parenchymal division was accomplished using an ultrasonic dissector and more recently (since March 2002), a precision water dissection system (Hydro-Jet, ERBE, Teubingen, Germany) has been used. Central venous pressure was maintained at 5 cm H 2 O or less during the parenchymal transection phase. Complete inflow occlusion was rarely used. Excision of the extrahepatic biliary tree included the gallbladder, the biliary confluence down to its cephalad junction with the pancreas in continuity, with a complete portal lymphadenectomy to the suprapyloric lymph node 23 overlying the hepatic artery-gastroduodenal artery junction, skeletonizing the portal vein and hepatic artery. Biliary reconstruction, to a Roux-en-Y loop of jejunum, was performed using a single layer of 5-0 PDS interrupted sutures.
Definitions
Terminology with respect to liver resections is that proposed by the International Hepato-Pancreatico-Biliary Association (IHPBA), also known as the Brisbane terminology (Terminology Committee of the IHPBA, www.ihpba.org/ html/guidelines/index.html). Resections may also be described by the Couinaud segments resected. 24 -26 Wedge resection denotes a nonanatomic, nonsegmental resection of the liver surrounding the gallbladder to a depth of 1 to 2 cm. We have elected to use the staging system proposed by Memorial Sloan-Kettering Cancer Center. 7 In contradistinction to the TNM (AJCC) staging system, the Memorial system categorizes T4N0M0 lesions as stage IIIb as opposed to stage IV (TNM).
Statistics
Univariate comparisons were made with the Fisher exact test or 2 test for dichotomous covariates, and the t test for continuous variables. Patients were divided into 2 groups, depending on the time in which they received treatment (TP1 ϭ 1990 -1996, TP2 ϭ 1997-2002). Numerical data are expressed as the mean Ϯ standard deviation unless otherwise indicated. Differences were considered significant at P Ͻ 0.05. Patient survival was calculated using the Kaplan-Meier method. Comparisons of patient survival curves were made using the log-rank test. Cox proportional hazards regression modeling was used to assess the effect that independent covariates had on the dependent variable survival. Logistic regression modeling was performed to assess the impact of the covariates on the presence or absence of complications. Statistical analysis was performed using SAS software (SAS Institute Inc, Cary, NC).
RESULTS

Demographics
Ninety-nine patients admitted with gallbladder cancer from 1990 to 2002 were identified. Thirty-three patients were male and 66 female, with an average age at presentation of 64 years (37-88).
Presenting Symptoms/Signs (Table 1) The most common presenting symptom was pain in 76% of patients, and this was the only symptom that was significantly different between time periods (83% TP1 versus 62% TP2, P Ͻ 0.03). Forty-five percent presented with obstructive jaundice. Overall, 22% presented with a palpable mass, and weight loss (average of 18 pounds) occurred in 32% of patients. The most common provisional diagnosis prior to intervention was gallbladder cancer (38%); 62% of patients had the wrong diagnosis prior to intervention. These included biliary colic (24%), acute cholecystitis (12%), cholangiocarcinoma (12%), cholangitis/choledocholithiasis/ gallstone pancreatitis (5%), gallbladder polyp (4%), miscellaneous (3%), and chronic cholecystitis (1%).
Interventions Prior to Definitive Therapy
Twenty-five percent of patients underwent a laparoscopic cholecystectomy prior to referral to our center. One fifth of these were converted to an open procedure. An additional 6% of patients underwent an open cholecystectomy prior to referral. Of the 51 patients who were explored with curative intent at our institution, 50% had a biliary stent (endobiliary or transhepatic) placed prior to surgery to relieve jaundice. Figure 1 illustrates the distribution of patients by stage, as well as by time period. The majority of patients (73%) presented with advanced disease (stage IIIb or IV). There was a trend towards presentation with higher stage disease in patients during TP2 (79% Stage IIIB or IV) that did not reach statistical significance (P Ͻ 0.26). Table 2 shows the operative features of the entire cohort. Of the 99 patients treated, 51 patients were explored for a potentially curative resection at our institution; 38 underwent an R0 resection (R0 resection, microscopic and macroscopic negative margins), and 13 had a palliative procedure or diagnostic biopsy. A further 10 patients had a palliative operation (bypass procedure) for gastrointestinal obstruction. The remaining 38 patients had advanced disease and did not undergo any surgery. Nine patients in TP1 and 29 in TP2 had R0 resections. Thirty-five patients underwent a concomitant liver resection (6 in TP1 versus 29 in TP2, P Ͻ 0.04). The majority in TP1 underwent a nonanatomic wedge resection of the liver surrounding the gallbladder. However, in TP2, 13 patients had a limited liver resection (wedge resection), 8 had an anatomic resection of segments 4b and 5, and an extended right hepatectomy was performed in 8 cases.
Disease Stage
Definitive Therapy
Complete resection of the extrahepatic/extrapancreatic biliary tree was performed in 3 patients in TP1 and 19 in TP2. Of patients undergoing R0 resections involving a concomitant liver resection, 4 of 6 were stage IIIb or IV in TP1, while 23 of 28 had stage III disease or higher in TP2. One patient had a concurrent en-bloc pancreaticoduodenectomy for a positive biliary resection margin on frozen section at the cephalad border of the pancreas. Average overall operating time was 215 minutes. Estimated average blood loss for both groups was 566 mL. 
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In total, 17 patients received chemotherapy (14 palliative, 3 adjuvant), and 5 patients received radiotherapy (all palliative). The frequency of use of chemotherapy and radiotherapy did not differ significantly between time periods.
Perioperative Complications
Operative mortality was 2% (1/51). The death occurred as a result of liver failure following an extended right hepatectomy and biliary tree resection in a patient with unsuspected alcoholic liver disease. The morbidity rate for all patients was 49%. Complications included cholangitis (16%), wound infection (10%), liver failure (4%), pneumonia (4%), intraabdominal abscess (4%), delirium (2%), postoperative bowel obstruction (2%), bile leak (2%), DVT/pulmonary embolus (2%), upper GI bleed (2%), and renal failure (2%). Two patients required reoperation; 1 was for a persistent bile leak. The second was for a bowel obstruction following a palliative biliary and gastric bypass as a result of unrecognized tumor involvement of the right colon. Two other patients developed intraabdominal abscesses requiring percutaneous drainage. Mean length of stay was 10.5 days. Multivariable analysis revealed that preoperative biliary stent placement, intraoperative drain placement, advanced age (Ͼ70 years), and weight loss at presentation were associated with the development of complications (Table 3) . Although 
Pathology
The distribution of histologies included adenocarcinoma (88%), mucinous variant (4%), papillary (3%), adenosquamous (2%), and squamous (2%). Tumor differentiation was classified as moderately differentiated (53%), poorly differentiated (27%), and well differentiated (20%). Of note, 17% of tumors exhibited perineural invasion. Twenty cases had involved regional lymph nodes.
Survival Analysis
Survival analysis and comparisons between time periods are shown in Figures 2 3, and 4 . As a group, TP2 patients had improved overall survival compared with cases treated in TP1 (Fig. 2) . Five-year survival in TP1 and 2 is 7%, and 35%, respectively. Median survival in TP1 was 9 months, while in TP2 it was 17 months. Patients in both time periods had improved survival with complete (R0) surgical removal of all malignant disease (P Ͻ 0.02 TP1; P Ͻ 0.0001 TP2 (Fig. 3A,  B) . Median survival in TP1 for those undergoing an R0 resection versus those not having an R0 resection was 18 months and 6 months, respectively (P Ͻ 0.02). Similarly, in TP2, median survival was 19 months versus 7 months for R0-negative cases (P Ͻ 0.0001). Analysis of survival by stage in each time period reveals that patients in TP2 had improved survival, even when controlling for stage. Furthermore, differences in survival by stage in each time period are significant (P value TP1 Ͻ 0.04, TP2 Ͻ 0.0013; Fig. 4A, B) . A multivariate analysis of factors found to have significance upon univariate analysis revealed that only those patients undergoing an R0 resection, and with an absence of weight loss at presentation, manifest a statistically significant improvement in overall survival (Table 4) .
A description of the 8 long-term survivors is shown in Table 5 . Eight patients suffered a local recurrence (mean time to recurrence, 12.3 months) and 18 relapsed with metastatic disease (mean time, 11.1 months; Fig. 4) . One patient was found to have microscopic disease in the port site after resection; this patient had an extended hepatectomy and a concomitant pancreaticoduodenectomy. This patient was classified as having metastatic disease (stage IV) and recurred with local and distant metastases within a year. A total of 4 patients had port site recurrences, in 2 cases after resection of the port site.
DISCUSSION
Five-year survival for carcinoma of the gallbladder in "Western" series ranges between 5% and 12%.
2,3 These dismal results are related to the aggressive biology of this cancer and advanced disease due to late presentation. Recently, 5-year survival rates as high as 36% have been reported in patients undergoing "radical" resection in Japanese centers, 19 which suggests that with optimal surgical management, locoregional recurrence may be reduced. Fong et al 19 and Fong and Malhotra 27 have reported similar results in North America with 38% 5-year survival in resected patients. These results, along with an appreciation that R0 resections improve outcome in patients with hilar biliary cancer, 20 -22 led to a reappraisal of our surgical approach to 
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gallbladder cancer in the mid-1990s. In this report, we compare the operative management and survival outcomes of 2 distinct surgical approaches we have applied to this disease over the past 12 years.
Our results confirm that radical resections including the liver and/or biliary tree can be performed safely with minimal mortality (2%). However, complications are common, with major complications requiring intervention occurring in 29% 
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of cases. Multivariate analysis demonstrated the most important factor determining long-term survival is the performance of a margin negative, R0 resection (P Ͻ 0.001). Although no R1 resections were intentionally performed in our study, prior investigators have demonstrated that R1, or debulking operations, do not improve survival. 16, 28, 29 Our current management algorithm for patients with carcinoma of the gallbladder is described below. For patients 
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who present with early-stage (T1) cancers following removal of the gallbladder elsewhere, we conduct a review of the pathology specimen, with attention to depth of invasion, margin status, lymphatic and perineural invasion, and anatomic location of the mass within the gallbladder. If these features confirm early-stage (T1N0M0) disease, cholecystectomy alone is adequate treatment of these cases, with close follow-up to detect local recurrence. However, if there is any concern that the lesion is T2, ie, has penetrated the full thickness of the muscularis into the subserosal plane (perimuscular plane on liver side of gallbladder, generally the plane of dissection used in simple cholecystectomy), then an extended cholecystectomy including liver Ϯ bile duct resection is performed; in this not-infrequent scenario where exploration is performed after prior gallbladder removal, it is exceedingly difficult to differentiate scar from cancer, as has been previously appreciated. 27 Furthermore, port sites are excised if the patient has undergone a laparoscopic cholecystectomy as the initial intervention.
Similarly, lesions that are initially staged as T2 or T3 are treated with a liver resection, either a segment 4b/5 resection, right hemihepatectomy or an extended right hepatectomy. The decision regarding the type of liver resection is based somewhat on the anatomic location of the tumor. Lesions located predominantly in the fundus can be treated with a segment 4b/5 resection. Those located in Hartmann pouch, the gallbladder neck, or extending into the triangle of Calot (ie, those close to the hilar plate and biliary confluence) require an extended liver resection to ensure negative margins. This requires resection of the extrahepatic/extrapancreatic biliary tree, including the horizontal course of the left hepatic duct over to the umbilical fissure. In these cases, an extended right hepatectomy is generally performed with reconstruction to the left hepatic duct at the base of the umbilical fissure. All T4 lesions are likewise treated with extended hepatectomy.
In the circumstance where the patient presents prior to any surgical intervention with T2 or worse gallbladder cancer, we perform a liver resection. Our approach to the biliary tree is individualized. If patients present with obstructive jaundice, the biliary tree is resected. If the lesion is located predominantly in Hartmann pouch, the neck of the gallbladder, or appears to extend down the cystic duct, then a biliary tree resection is performed. We perform a complete portal lymph node dissection, with thorough skeletonization of the portal structures, down to and including the suprapyloric lymph node overlying the hepatic-gastroduodenal artery junction. We agree with Fong and Malhotra 27 with regard to treatment of bulky disease along the hepatoduodenal ligament, and in these circumstances we resect the biliary tree to facilitate a complete nodal dissection. Segment 4b/5 resections are limited to those patients with T3 or lower fundal lesions and in those patients in which there is clearly a negative margin towards the right pedicle/plate. Extended hepatectomy is performed in all patients with T4 lesions or any lesion in which a negative or close margin is a concern. Generally, this entails an extended right hepatectomy; however, in rare cases where the bulk of the tumor encroaches on the umbilical fissure, or intrabiliary extension of tumor is predominantly along the left duct, then an extended left hepatectomy is performed. All jaundiced patients, patients with bulky nodal disease along the hepatoduodenal ligament, and any other patient with a positive cystic duct margin undergo a biliary resection. Other contiguous organ involvement is resected en bloc.
The main limitation of this study is its retrospective, nonrandomized nature. By comparing outcomes in the seventh through 12 th years to those in the first 6 years, we are using historical controls as a reference point for the new surgical approach. The main drawback to this type of comparison is that it is possible that the overall management of these patients has changed over time, irrespective of surgical factors. Some of these changes include improved diagnostic imaging and staging, variability in referral patterns, better patient selection, and improved perioperative care. To gauge the impact of known possible confounders, we performed a multivariate analysis. However, this does not take into account unknown confounders, but it is unlikely that any unknown confounder could account for the magnitude of difference in survival between time periods. By including in the multivariate analysis the time period in which therapy occurred, unknown confounders related to the time period are accounted for indirectly. A randomized trial comparing extended versus limited surgical resection would be the ideal manner to test this concept, but this cannot be performed because of the paucity of cases, as well as the lack of therapeutic equipoise, given the current evidence in our study and others. 8 -19,27,29 -36 Adjuvant and neoadjuvant therapies were not used to any great extent in either time period, making them unlikely to account for the differences in outcomes.
In summary, a marked improvement in outcome of patients with gallbladder cancer has been achieved over the past 6 years, primarily due to a shift towards more aggressive surgery. Multivariate examination accounting for the time period in which treatment occurred reveals that the most important factor determining long-term survival is whether the patient underwent an R0 surgical resection. However, even in the most recent time period, a maximal 5-year survival rate of only 35% has been achieved; therefore, it is essential that novel adjuvant therapies be developed and evaluated for these patients.
